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PREFACE 



This little book of problems was prepared to be used 
in conjunction with Morecroft's elementary text-book on 
" Continuous and Alternating Current Machinery '^ as 
texts for a short course given by the author to civil and 
mining engineers. It is well understood that the average 
student is apt to find general principles and mathematical 
formulae somewhat vague and uninviting, unless his con- 
ception is made somewhat easier by the way of concrete 
examples and laboratory work. The author believes that 
Morecroft's text-book, ClewelFs Laboratory Manual and 
this little book of problems make a very effective com- 
bination for administering a short elementary course to 
advanced students in non-electrical engineering courses. 

The Problems will also be found suitable for use with 
any of the available text-books or with a lecture course. 

In general the problems are very closely related to 

actual engineering practice and are so made up as not to 

be mere mathematical puzzles. 

W. T. Ryan. 
Minneapolis, Minn. 
January 1, 1915. 
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CONTINUOUS AND ALTEItNATL\(^ CURRENT 

MACHINERY PROBLEMS 



CHAPTER I 
ELEMENTARY LAWS OF CONTINUOUS CURRENTS 

1. The armature of a street railway motor has a resist- 
ance of 0.0625 ohm at a temperature of 70° F. After 
operating for several hours the resistance is found to be 
0.0775 ohm. What has been the rise of temperature of 
the armature. 

2. The resistance of the filament of a tantalum incan- 
descent lamp at 70° F. is 50 ohms. When operating under 
normal conditions the temperature is 2025° C, and 115 
volts sends a current of 0.39 ampere through the filament. 
What is the temperature coefficient of the filament? 

3. By referring to the areas in circular mils of No. 4 
and No. 10 wires as given in the wire table, determine the 
resistance of 1000 ft. at 20° C. and at 80° C. Then check 
your results with the wire table. Also determine the 
resistance by the approximate method and find what the 
percentage error would be at 20° C. 

4. How many circular mils in a wire J in. by | in.? 

5. Ten 530-ohm 25-watt, and five 330-ohm 40-watt 
Mazda lamps are all in parallel. Resistance of the circuit 
between the lamps and generator is 0.24 ohm. Find the 
resistance of the group of lamps and the current taken by 
them if the voltage at the generator terminals is 11^, 
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6. Approximately 18,000,000 cu.ft. of water per minute 
falls 200 ft. at Niagara Falls, (a) Assuming water tur- 
bines available whose eflSciency is 86 per cent, what horse- 
power is available? (6) Assuming that all this energy is 
used up in heating the water, how much warmer is the 
water below the falls than above? 

Note. The distinguished English Scientist, Joule, after 
whom the practical unit of electrical energy is named, made elab- 
orate experiments to determine exactly what relation existed 
between the units of heat and work. The most generally accepted 
experimental results give 778 ft.-lbs. of work as being exactly 
equivalent to the amount of heat required to raise the tempera- 
ture of 1 lb. of water 1° F. at or near 39° F., the temperature 
of its maximum density. This amount of heat is called 1 British 
thermal unit (written B.T.U.). Therefore 1 ft.-lb.=778 B.T.U. 
One pound of water falling 1 ft. would represent 1 ft.-lb. of mechan- 
ical energy; 550 ft.-lbs. per second represents 1 horse-power. 

7. A 60-watt Mazda lamp has a resistance of 240 ohms. 
If 120 volts are applied to the lamp, determine: (a) current 
taken by lamp; (6) the work per hour in Joules; (c) the 
power in watts; (d) the power in horse-power; (e) the 
work under (6) in foot-pounds; (/) the number of B.T.U. 
developed per minute; (g) how many such lamps would 
a 25-kilowatt generator suffice? 

8. AB is a resistance whose value is 1 ohm. Two 
batteries each having an internal resistance of 1 ohm are 
connected in parallel across AB. If the e.m.f. of one 
of the batteries is 2 volts and of the other 1 volt, how much 
current will flow through ABj and how much of this current 
will be supplied by the 2-volt battery and how much by 
the 1-volt battery? 

Note. In order to make a general solution of a network 
of electrical circuits Kirchhoff's rules in addition to Ohm's law 
are needed. Kirchhoff's first rule: The algebraic sum of all 
the currents flowing toward a branch point in a network is equal 
to zero. Kirchhoff's second rule: The algebraic sum of all the 
electromotive forces acting around a closed circuit of a network 
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of conductors, is equal to the sum of IR products around the 
circuit. 

At the point A we have, 



ii-i«-ia=0. 



(1) 



At the point B we have, 



i«— 14— 16=0. 



(2) 



We do not know whether the current, u, is flowing up through 
BD or down as indicated. The assumption is made that it is 




Fia. 1. — Illustrating KirchhofF's Rules for SolWng a Network Problem. 

flowing down. If this assumption is wrong, it will be indicated 
in the final solution by the obtaining of a negative value for 1*4. 
At the point C we have, 



1*6-1-16-11=0. 



(3) 



Considering the closed circuit ABCF, 

Considering the closed circuit ADCF, 

E =iirt+iirt+uu. 

Considering the closed circuit ABDj 

0=i2r2+i4r4— ijrj. 



(4) 



(5) 



(6) 
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If E and n, r2, rs, r*, Uj and r^ are known, the values of ii, 1*2, 
is, u, u, and ie may be found from the above simultaneous 
equations. 

Example Illustrating Application op Kirchhopf's Rules 

A 120-volt dynamo, Fig. 2, and a storage battery are connected 
in parallel to a number of lamps whose combined resistance is 
1 ohm. The voltage of the battery is 116 and the resistance of 
the battery circuit is 0.10 ohm. The resistance of the dynamo 
circuit from (B) to (A) is 0.10 ohm. Will the battery be charged 
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Fig. 2. — Application of Kirchhoff's Rules. 

or discharged and what will the current be, in the battery circuit, 
in the lamp circuit, and in the dynamo circuit? 

We will assume the battery is being charged. If it is dis- 
charging we will get a negative value for 2*2. Considering the 
point (A), we have, 



ii—i2—iz=0. 



(1) 



Considering the dynamo and battery circuit, we have, 



0.h*i+0.1i2 = 120-116=4 (2) 

Considering the djmamo and lamp circuit, we have, 



0.1ii+i, = 120. 



(3) 



Transposing Eq. (2) and multiplying by 10 we get, 



t'a— 40— li. 



(2a) 
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Transposing Eq. (3) we get, 



t, = 120-0.hV 



(3a) 



Substituting the values of it and iz from (2a) and (3a) in (1) 
we get, 

ii-40+ii-120-|-0.Hi=0; 

2.1ii = 160; 

ii =76.19 amperes. 
The current taken by the lamps is found from Eq. (3a), 
t, = 120-(0.1)(76.19) =112.38 amperes. 
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no nn 'on nn 



Fig. 3. 

The current through the battery circuit is found from Eq, 

(2a). 

{,=40-76.19= -36.19 amperes. 

The battery is therefore being discharged instead of charged 
and supplies 36.19 amperes to the lamps. The remaining 76.19 
amperes of the 1^2.38 amperes taken by the lamps is supplied 
by the dynamo. The voltage between the points (B) and (A) 
is 120-(76.19)(0.1) =116-(36.19)(0.1) =112.38. 

9. In Fig. 3 the first car is 2 miles from the generator 
and is taking 30 amperes. The second car is 3 miles from 
the station and is taking 20 amperes. The third car is 
4 miles from the station and is taking 20 amperes. The 
trolley has a resistance of 0.40 ohm per mile. Track 
resistance = 0.05 ohm per mile. Feeder resistance = 0.20 
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ohm per mile, and the feeder is comiected to the trolley 
every mile. Find the voltage across each car. 

10. The current through the shimt field of a 12.5-kw. 
125-volt generator is 2 amperes. A rheostat is in series 
with the shunt field and the voltage across the rheostat is 
25 volts, making the e.m.f. across the field 100 volts. 
(a) What is the resistance of the field, of the rheostat, 
and of the field and rheostat in series? (b) How many 
watts are wasted in heating the rheostat and in heating 
the field? (c) What percentage of the rated output of the 
generator is each loss? 

11. At 9 cents per kilowatt hour how much will it cost 
per week of sixty hours to operate four 25-watt, and eight 
40-watt Mazda lamps? 

12. What horse-power must an engine deliver to a gener- 
ator supplying one thousand 40-watt Mazda lamps? The 
line loss is 5 per cent, the efficiency of the generator is 90 
per cent, and the loss in the belt is 1 per cent. 

13. A motor 500 ft. away from the generator requires 
40 amperes at 220 volts. No. 4 wire is used. Find the 
e.m.f. at the generator and the per cent of the voltage lost 
in the line; also find the power lost in the line and the per 
cent of the power generated thus lost. 

14. Required the size wire in problem 13 to limit the 
loss in the line to 5 per cent of the voltage which is gen- 
erated. 

15. A cast-iron ring 100 ins. long is to carry a flux of 
1,000,000 lines. The area is 20 sq.ins. What is the per- 
meability at this density? How many ampere turns will 
be required? What is the reluctance of the circuit? 

16. A certain magnetic circuit is made up of 160 ins. 
of sheet iron 20 sq.ins. in cross-section, and 0.50 in. of air 21 
sq.ins. in cross-section. Find the number of ampere turns 
necessary to set up 500,000 lines of force in the above cir- 

m 

cuit. 

17. Fig. 4 represents a lifting magnet. The core, B, 



ELEMENTARY LAWS OF CONTINUOUS CURRENTS 7 

is of cast steel, 50 sq.ms. in cross-section. Armature A is 
of the same material and has a cross-section of 60 sq.ins. 
There is a space of 0.06 in, between B and A due to dirt 
and rust. The flux required is 2,000,000 lines. How 
many ampere turns are needed? 

18, What is the reluctance of the ma^etic circuit in 
problem 17? 

19. A generator has 120 conductors in series on the 
armature. The length of the armature is 12 ins. and the 
diameter is 10 ins. The pole pieces cover three-fourths 




Fio. 4. — Lifting Magnet. 



of the armature, and the flux density in the air gap is 
60,000 Unes per square inch. Required the voltage at 
1200 r.p.m. 

20. A conductor on the surface of an armature is 20 
ins. long. The flux density under a pole is 60,000 lines 
per square inch; the speed is 60 ft. per second. How 
many conductors in series will be required to set up 220 
volts, assuming the poles to cover 75 per cent of the surface 
of the armature? 

21. The earth's magnetic field at a certain place dips 
60° below the horizontal and its intensity is 0,59 gauss. 
A horizontal electric light wire stretched due magnetic 
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east and west carries a current of 2000 amperes flowing 
from east to west. The wire is 1000 ft. long. Find the 
force in pounds with which the earth's magnetic field 
pushes on the wire and specify its direction. 

22. There are 600 conductors on the surface of a contin- 
uous current armature. Assuming 70 per cent of these to 
line in a magnetic field of 50,000 lines of force per square 
inch density, (a) How many pounds tangential pull are 
there on the surface of the armature? The length of each 
conductor is 15 ins., the diameter of the armature is 12 ins., 
and the current in each conductor is 20 amperes. (6) What 
torque in foot-pounds is developed? (c) If the speed of the 
armature is 1200 r.p.m. what is the horse-power? (d) What 
would the horse-power be if the speed were 600 r.p.m.? 



CHAPTER II 

PARTS OF A C.C. DYNAMO-ELECTRIC MACHINE 

1. The following data apply to the magnetic circuit 
of a small modem two-pole machine. The flux required 
in the armature is 2,400,000 lines. The leakage factor 
may be assumed to be 1.10. 



Part. 



Armature. 
Teeth. . . . 

Air gap. . 

Poles. . . . 

Yoke. . . . 



Material. 



Laminated iron 
Laminated iron 

Air 

Laminated iron 

Cast steel 



Length 


Area in 


Flux. 


Flux 
Den- 


Amp. 
Turns 


in cm. 


sq.cm. 




sity. 


per cm. 


20 


200 


2,400.000 






1.25 on 


140 


2,400,000 






each side 










0.25 on 


240 


2,400,000 






each side 










15 on 


180 


2,640,000 






each side 










80 


120 each 


1,320,000 







Amp. 
Turns. 



Determine: (a) Ampere turns required for each part; 
(6) total ampere turns required; (c) ampere turns per 
pole. 

Note. This problem will show roughly how the number of 
ampere turns are obtained. In an actual design there are some 
other factors, as for example armature reaction, which have to be 
taken into consideration. 

2. Each field coil of a four-pole dynamo requires 12,000 
ampere turns for its excitation. If the mean length of a 
turn is 15 ins. and 110 volts are applied to the four coils, 
determine resistance per foot of the proper size wire to use. 
(6) From the wire table find the nearest commercial size. 

3. Allowing 1200 circular mils per ampere in order to 
limit the final temperature rise of the coil to approximately 

9 \ . 
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50** C, determine the proper number of turns to use on 
the field coil of problem 3. 

4. 19 volts are applied to each one of the six field coils 
of a 115-volt motor. The average length of a turn on the 
field is 28 inches, and the wire is No. 16, B. & S. gage. 
When the average temperature of the coil is 50° C, what 
is the magnetizing force in ampere turns? If there are 
1000 turns on the coil, what will be the current? 

5. (a) About how many amperes would a No. 16 wire 
safely carry if it were wound into a field coil? (6) If it 
were wound into a well ventilated armature? 






CHAPTER III 
THE CONTINUOUS-CURRENT GENERATOR 

1. A FOUR-POLE simplex lap-drum- wound armature has 
55 coils of 10 turns each. The flux per pole is 2,000,000 
lines. Calculate the e.m.f. generated if the speed is 1200 
r.p.m. 

Note. The formula e =lHvlO- * may be reduced to the foUow- 
ing more usuable form: 

/= length of wire in series in one path=2Z/paths, where 
2= total number of conductors on the surface of the 
armature. 
Average H = <i> poles /2irrZ where <t» is the flux per pole, r the 

radius of the armature, and I its length. 



Therefore, 



t) = (2irr) (r.p.m.) /60. 
2l<f> poles 2irr(r.p.m.) 



e = 



e = 



paths 27rrZ60 

4> poles 2:(r.p.m.) 
IQs paths 60~ 



A simplex wave winding has two paths, a duplex wave wind- 
ing four paths, a simplex lap winding as many paths as there are 
poles, a duplex lap winding two times as many paths as there are 
poles, etc. 

2. What would the e.m.f. be in problem 1 if the arma- 
ture were simplex wave wound? 

3. A 125-volt, 40-kilowatt, 4-pole generator has 300 
conductors. By leaving out two of these conductors this 
winding may be changed to a two-path wave winding. 
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What would then be the e.m.f., current capacity, and 
kilowatt capacity of the machine? 

4. The machine of problem 3 is shunt wound and re- 
quires 6 amperes for exciting the field. The armature is 
wound with No. 4 wire. Now many circular mils per 
ampere are allowed in the armature winding? The field 
is wound with No. 12 wire. How many circular mils per 
ampere are allowed in the field? Why are the circular 
mils per ampere so much smaller in the armature than in 
the field? 

5. A 10-pole simplex lap-wound, 500-kilowatt generator 
has a terminal e.m.f. of 600 volts on full load. There are 
5000 ft. of No. 4 B. & S. copper wire wound on the 
armature. Assuming 2 volts drop in the brushes, brush 
contacts and leads, what e.m.f. must be induced in the 
armature? 

6. If there are 1000 conductors on the surface of the 
armature of problem 5, what must the flux per pole be if 
the speed is 130 r.p.m.? 

7. Show that the amount of wire needed for distribu- 
tion with given line loss varies inversely as the square 
of the voltage of transmission. 

8. Show that the amount of wire needed with the three- 
wire system is only three-eighths of that required for the 
two-wire system if all three wires are made the same 
size. 

9. One thousand 25-watt Mazda lamps are to be sup- 
plied with current at an e.m.f. of 110 volts, from a 120- 
volt generator at a distance of 600 ft. from the lamps. 
Find the size of copper wire required in the mains. 

10. One thousand 25-watt Mazda lamps are to be sup- 
plied with current at an e.m.f. of 110 volts from a 240-volt 
three-wire generator 600 ft. away from the lamps. The 
system is balanced. Find the size of copper wire required 
for the outside mains. If the neutral wire is one-half as 
large as either outside main, what percentage copper wire 
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is saved by using the three-wire system instead of the two- 
wire system as in problem 9? 

11. The resistance of the annature of a certain gen- 
erator is 0.15 ohm when delivering 40 amperes and the 
brush contact drop is 2 volts. The e.m.f. induced in the 
armature is 126 volts. What is the e.m.f. at the armature 
terminals? 

12. On test a simplex wave-wound shunt generator 
gives 110 volts and 50 amperes to the external circuit. 
If the resistance of the armature is 0.15 ohm, the brush 
contact drop is 2 volts, and the resistance of the field 44 
ohms, find the current through each armature path and the 
B. & S. size wire if 600 circular mils per ampere is used. 
Also find the total e.m.f. generated by the armature. 



CHAPTER IV 
THE CONTINUOUS-CURRENT MOTOR 

1. A POUR-POLE simplex lap-wound continuous-current 
motor has 1,200,000 lines of force per pole, and 55 arma- 
ture coils with six turns per coil. If the armature current 
is 40 amperes, what will be the tangential pull in pounds 
at the rim of a pulley whose diameter is 10 ins.? 

Note. The formulae F^HII /lO may be reduced to the 
following form: 

Average H^<t> poles/2TrZ, where r= radius of the armature, I 

its length, and the flux per pole; 
7=/o/path8, where /a = total armature current; 
l^Zl where Z =nimiber of armature conductors; 

</> poles IgZl 
^2Tcrl paths 10' 



where 



poles IgZ 
"20Tr paths ' 

F= tangential pull on the armature wire in dynes. 



In order to get the torque in dyne centimeters we must multiply 
by the radius, r, therefore, 

y^ <^ poles ZqZ 
20ir paths ' 

where 

r= torque in dyne cms. 

One foot-pound is equal to (1.356) (10^ dyne-cms., therefore, 

14 
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poles laZ 



r= 



r= 



20ir paths (1.356) (100' 
O.118/aZ0 poles 



10* paths • 
where 

T= torque in foot-pounds = tangential pull in pounds at 
1-ft. radius. 

The formulae for horse-power is, 

"33000' 
where 

r= torque in foot-pounds; 
n = speed in r.p.m. 

2. What horse-power will be produced in the motor 
of problem 1, (a) if the speed is 1200 r.p.m., and the arma- 
ture current 50 amperes? (6) If the speed is 600 r.p.m. 
and the armature current is 50 amperes? 

3. (a) A shunt motor has an armature resistance of 
0.10 ohm, and 2 volts brush contact drop. It is connected 
to 230-volt mains and the armature current is 100 amperes. 
What is the counter e.m.f.? (6) A shunt motor is develop- 
ing a counter e.m.f. of 213 volts. If the armature resist- 
ance is 0.10 ohm, the brush drop 2 volts, and it is 
connected to 220-volt mains, how much current will flow 
through the armature? 

4. (a) How much current would flow through the arma- 
ture of problem 3 if it were connected directly to the 
mains and were not generating any counter e.m.f.? (6) If 
a starting rheostat having total resistance of 2 ohms is 
used, how much current will flow through the armature at 
the moment of starting? 

5. The field winding of a shunt motor has a resistance 
of 110 ohms and the e.m.f. applied to it is 220 volts, (a) 
What is the amount of power expended in field excitation? 
(6) The full-load intake of the motor is 50 amperes at 220 
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volts, and the efficiency 90 per cent; express the power 
consumed in the field in terms of the full-load output of the 
motor. 

6. From the following data determine the armature 
resistance of a motor: 

Impressed voltage =230 volts; 

Counter e.m.f . = 215 volts : 

Armature current = 30 amperes; 

Brush contact drop =1.9 volts. 

7. A 220-volt shunt motor has an armature resistance 
of 0.40 ohm and a brush contact drop of 2 volts. The 
field resistance is 220 ohms. The full-load speed is 1000 
r.p.m. and the motor is taking 41 amperes, (a) At what 
speed must this machine run as a generator in order to 
deliver 40 amperes at 220 volts? (6) What is the counter 
e.m.f. when running at full load as a motor? (c) What 
e.m.f. is induced in the armature when run as a generator 
delivering 40 amperes at 220 volts. 

8. The efficiency of the motor of problem 7 as a motor 
when running at full load is 85 per cent, (a) What H.P. is 
delivered by the machine? (6) How much useful torque 
is being produced, (c) Assuming 6 per cent of the torque 
actually developed as being used up in overcoming fric- 
tion and windage, what is the flux per pole which actually 
enters the armature? There are four poles and the arma- 
ture is simplex lap-wound and has 55 coils of six turns 
each. 

9. A shunt motor connected to 110-volt supply mains 
takes 3 amperes through its armature and runs at a speed 
of 1000 r.p.m. The resistance of the armature including 
brushes and brush contacts is 0.2 ohm. The resistance 
of the field circuit is doubled and the speed is observed 
to rise to 1500 r.p.m. and the armature current to 5 amperes. 
In what ratio has the armature flux, 0, been changed by 
doubling the field resistance? 
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10. (a) Find the speed of a railway motor in r.p.m. corre- 
sponding to a car speed of 20 miles per hour, the gear ratio 
between the motor and axle being 14 : 68, and the diameter 
of the car wheels 33 ins. (6) Assuming that 15 per cent 
of the armature torque is used up in motor gear, and axle 
friction and windage, find the armature torque in foot- 
pounds corresponding to a tractive effort of 2000 lbs. 
delivered by the motor to the car. (c) What is the horse- 
power of the motor? 



CHAPTER V 
EFFICIENCY OF DYNAMO-ELECTRIC MACHINES 

1. A CERTAIN motor has a normal current density of 30 
amperes per square inch of brush contact, (a) What is the 
voltage drop for both brushes together (on basis of 0.8 
volt +0.2 Xamperes per square centimeter)? (6) What 
will it be for 50 per cent overload? (c) For one-half load? 

2. What is the brush contact loss in watts in problem 
1, when, (a) the current density is 10 amperes per square 
inch; (b) when it is 30 amperes? (c) when it is 40 amperes? 
The normal full-load current of the motor is 61 amperes, 
and the field current is 1 ampere. 

3. The following data apply to a 10-horse-power, 220- 
volt motor: 

Shunt field resistance (hot) =220 ohms; 
Armature resistance (hot) =0.45 ohm; 
Area of brush contacts, 

(all+brush contacts) = 8 sq.cm. ; 
Rated current =41 amperes; 

Rated voltage =220 volts; 

Current density full load =5 amps, per sq.cm.; 
Stray power (no load) =490 watts. 

(a) Plot curves between current input (up to 60 amperes) 
and (1) brush contact loss in watts; (2) shunt field loss; 
(3) stray power loss (may be assumed to be constant at 
all loads); (4) armature copper loss; (5) total loss, (b) 
Plot a curve between eiBSciency and current input. 

4. (a) Determine what the current input is for the 
motor of problem 3 when the output (input-losses) is 10 
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horse-power. (6) The name-plate rating of the above 
machine is 41 amperes, 220 volts and 10 horse-power. 
What efficiency would this indicate? 

5. Calculate the efficiency of the motor of problem 3 
when used as a generator and delivering 40 amperes at 
220 volts to the external circuit. 

6. The motor of a motor generator set takes 100 amperes 
at 230 volts from supply mains, and delivers 89 per cent 
of its power intake to the generator which it drives. The 
generator delivers 90 per cent of its power intake to a 
receiving circuit at 115 volts. Find the current supphed 
by the generator. 



CHAPTER VI 

ELEMENTARY PRINCIPLES OF ALTERNATING 

CURRENT 



1. {n) Rotate a vector and taking its projections plot 
a sine wave of current, i=Im sin a, where Im is the max- 
imum value of the current. (6) Divide a half cycle into 
narrow strips and obtain the average ordinate in terms 

of /m. 

2. Construct the curve of square ordinates, divide into 




Fig. 5. — Current Wave Form. 

narrow strips and obtain by measurement the average 
value of the squares of the instantaneous values; then 
take the square root of this average and express it in terms 

of Jm. 

Note. One method of proving that hv =0.636/m is as follows: 
In Fig. 5, t =/m sin a and 

I Im sin ada 

7»v = average value of i = ; 



I 7m cos J 2/^ 
/»v == = =0.636 /m. 
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The fact that /• =0.707/» may be shown as follows: 



/ f/m* sin* 



/• = -J^ = VjT;^ = 707/«. 



ceda llm} 



« 1 . , 

---sm«« 







By a similar process it may be proved that W -EI cos 0, 
where W is the power in watts, E the current in amperes (virtual 
value), E the e.m.f. in volts (virtual value), and 4> the angle by 
which E and 7 differ in phase. 

3. (a) Prove that W = EI where E and / are virtual 
values and are in phase. (6) Prove that W = EI cos 
where <^ is the angle by which E and / differ in phase. 

4. An alternating current varies sinusoidally from to 
200 amperes as time elapses, (a) What will an a.c. anmieter 
read if placed in the circuit? (6) The maximum value of 
the current in an alternating current circuit is 50 amperes 
and the maximum value of the e.m.f. 160 volts. The 
current and e.m.f. are 30 degrees out of phase. What is 
the power in the circuit? 

5. (a) What is the virtual value of an alternating 
e.m.f. when the instantaneous value at 60° is 300 volts? 
(6) What is the average e.m.f ? 

6. The average voltage in an alternating-current cir- 
cuit containing 10 ohms resistance (no capacity and no 
inductance) is 110 volts. What is the average current? 
(6) What is the virtual current? (c) What is the power? 

Note. In all problems to follow, the terms "amperes'' and 
"volts" and the symbols E and / will mean virtual values unless 
otherwise specified. 

7. In a given circuit the resistance is 10 ohms, the 
inductance 0.03 henry and the frequency 60 cycles per 
second, (a) What current will flow if the e.m.f. is 125 
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volts? (6) What is the phase displacement? (c) What 
is the power ? (d) What current would a continuous- 
current e.m.f. of 125 volts send through the circuit? 

8. The exciting current of a 220-volt, 10 horse-power 
continuous current motor is 1 ampere. The resistance of 
the field is 220 ohms, and the inductance is 90 henrys. 
Find what this current would be if a 60-cycle per second 
e.m.f. of 220 volts were applied to the field circuit. 

9. In a given circuit the resistance is 1 ohm and a 220- 
volt, 60-cycle per second e.m.f. causes 110 amperes to flow 
in the circuit. Find the inductive reactance, resistance, 
and impedance. 

10. A condenser whose capacity is 100 micro-farads 
is connected to a 60-cycle per second 220-volt circuit. 
(a) Assuming the resistance of the lead wires as equal to 
zero, what charging current will flow? (6) What will the 
power be? 

11. (a) A 60-cycle per second 110,000-volt, 100-mile 
transmission line has a capacity of 0.50 micro-farad. What 
will the charging current be? (6) A 60-cycle per second 
10,000-volt, 10-mile transmission line has a capacity of 
0.05 micro-farad. (6) What will the charging current be? 
(c) What will the charging kilovolt amperes be in each case? 

12. A circuit having a resistance of 10 ohms, a capacity 
of 0.0003 farad and an inductance of 0.03 henry has a 
60-cycle per second, 230-volt e.m.f. applied to it. Deter- 
mine (a) current; (6) phase displacement; (c) power. 

13. Two circuits having resistances of 5 and 10 ohms 
respectively, and inductances of 0.02 and 0.03 henry 
respectively are in series and have a 60-cycle per second, 
230-volt e.m.f. applied to them. Determine (a) current 
in amperes; (b) power in each circuit and in the two 
circuits; (c) e.m.f. in volts across each circuit. 

14. Given two circuits in series. The resistance ,of 
the first circuit is 10 ohms, the inductive reactance 10 ohms 
and the capacity reactance 5 ohms. The resistance of the 
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second circuit is 5 ohms, the inductive reactance is 5 ohms 
and the capacity reactance 10 ohms. Determine the im- 
pedance of the two circuits in series. If the e.m.f. applied 
to the above circuit is 500 volts, determine, (a) current; 
(b) phase displacement; (c) power. 

15. The two circuits of problem 14 are connected in 
parallel. Determine: (a) Current in each circuit if the 
applied e.m.f. is 500 volts. (6) Total current, (c) Power 
in each circuit and the total power, (d) Total impedance 
in ohms. 

16. The two circuits of problem 14 are connected in 
parallel and are connected in series with a third circuit 
whose resistance is 5 ohms, inductive reactance 5 ohms, 
and capacity reactance ohms. Required the impedance 
of the combination and the current and power due to 
an e.m.f. of 600 volts. 

17. A 10-horse-power, 200-volt, single-phase induction 
motor, power factor 80 per cent, guaranteed efficiency 
86 per cent, is connected to a generator by a transmission 
line having a resistance of 0.5 ohm and an inductive 
reactance of 0.5 ohm. Required the generator voltage. 

Note. Problems like the above are solved as follows: 

10X746 
^ = (200)(.80)(.86)==^^^P^^^' 

IR of line = (54) (0.5) =27 volts; ' 

IX of line = (54) (0.5) =27 volts; 
Equivalent IR of motor = (200) (0.80) = 160 volts; 

Equivalent IX of motor = \/(200)2 - (160) ^ = 120 volts; 

Eo = Vol5(H-2f)'H (120+27)2 =235.7 volts; 

147 
^ = tan-.=-^. 
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If the above motor were two phase, the problem would be 
solved on the basis of transmittmg one-half of the power over 
two of the four wires connecting the motor to the generator. If 
it were three phase, it would be solved on the basis of trans- 
mitting one-half of the power over two of the three wires connect- 
ing the motor with the generator. It is therefore evident that a 
three-phase line requires only 75 per cent as much copper as a 
single-phase or a two-phase line. 




Fia. 6. — Illustrating Method of Solving Problem 17. 



18. A 15-horse-power, 220-volt, single-phase motor, 
power factor 90 per cent, efficiency 90 per cent is connected 
to a generator by a transmission line having a resistance 
of 0.5 ohm. Required the generator voltage. 

19. A 20-horse-power, 220-volt, two-phase motor, power 
factor 90 per cent, efficiency 90 per cent, is connected to 
a two-phase generator by a transmission line, the resist- 
ance of each wire being 0.6 ohm and the inductive react- 
ance 0.3 ohm. Required the generator voltage. 

20. Required the generator voltage if the motor in 
problem 19 were three-phase, and if three of the wires 
specified in problem 19 were used. 

21. Six hundred 25-watt, 110-volt Mazda lamps are 
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connected to a generator through a transmission line hav- 
ing a resistance of 0.05 ohm and 0.03 ohm inductive resist- 
ance. Required the generator voltage. 

Note. The power factor of incandescent lamps may be taken 
as unity. 

22. What frequency will give resonance in a circuit hav- 
ing 1 ohm resistance, 10 micro-farads capacity, and 0.350 
henry inductance. 

23. An induction motor taking a lagging current of 50 
amperes, power factor 80 per cent, is connected in parallel 
with an over-excited synchronous motor which is taking 
a leading current of 60 amperes, power factor 90 per cent. 
Required current taken by the two motors and the resultant 
power factor. 



CHAPTER VII 
THE ALTERNATING-CURRENT GENERATOR 

1. Determine the frequency in cycles per second of a 
current given by a ten-pole alternator running at 720 
r.p.m. (6) A generator is to be direct-connected to a Corliss 
engine running at 120 r.p.m. If the frequency is to be 60 
cycles per second, how many poles must the alternator 
have? 

2. (a) A single-phase generator has a safe current- 
carrying capacity of 100 amperes and is rated at 250 volts. 
What would the rating be in kilovolt amperes? (6) A two- 
phase alternator has a safe current-carrying capacity of 
100 amperes per phase, and is rated at 250 volts. Required 
the rating in kilovolt amperes, (c) A three-phase alter- 
nator has a safe current-carrying capacity of 100 amperes 
per line and is rated at 250 volts. Required the rating in 
kilovolt amperes. 

3. A 200-kilovolt ampere alternator delivers 100 kilo- 
watts at 80 per cent power factor to a number of induction 
motors. How many 40-watt Mazda lamps at unity factor 
will the generator carry in addition. The total lines losses 
are to be 10 per cent. 

4. A certain alternator is observed to require 10 amperes 
exciting current when delivering normal full-load current 
of 80 amperes at the rated full load e.m.f. of 125 volts 
and unity power factor. The armature impedance is found 
to be 0.35 ohm and the resistance 0.15 ohm. Required 
the total induced e.m.f. of the machine when the exciting 
current is 10 amperes. 

5. A three-phase generator has equal loads of 50 kilo- 
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watts, 100 per cent power factor delta-connected across each 
phase. Voltage across each phase is 125. (a) What is 
the current in each line wire? (6) If the alternator were 
Y-connected what would the current be in each winding? 
(c) What would it be if the alternator were delta-con- 
nected? 

6. A 125-volt, 100-kilovolt ampere, delta-connected 
alternator is reconnected in Y. What will be the voltage? 
What will the rating be in kilovolt amperes? 



CHAPTER VIII 
THE TRANSFORMER 

1. A CERTAIN 10-kva. transformer requires 0.088 ampere 
when the high-tension side is connected to 2200-volt 
mains, and the secondary is open circuited. The hysteresis 
and eddy-current losses are 110 watts. Required the 
magnetizing current. 

Note. The no-load primary current, /o, is the resultant 
of the iron loss component, /», and the magnetizing component, 

/«, is equal to the iron losses in watts divided by the primary 
voltage. Ifo is in phase with the primary voltage and 7m is in 
quadrature. 

2. What would a watt meter read if it were placed in 
the primary circuit specified in problem 1? What is the 
angle of phase displacement between the impressed primary 
voltage and 7o? 

3. There are 1200 turns on the primary of the above 
transformer, and 120 turns on the secondary, (a) What will 
the secondary voltage be with no load on the secondary? 
(6) A sufficient number of incandescent lamps, unity 
power factor, are connected to the secondary of the above 
transformer to cause 40 amperes to flow in the secondary. 
Required the current and its phase displacement in the 
primary. 

Note. Since the ratio of transformation is 10 to 1, 40 amperes 
in the secondary will cause an increase of 4 amperes in the pri- 
mary, and since the power factor is unity it will be in phase with 
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the primary voltage, therefore in phase with I„ and in quadra- 
ture with /». 

4. The area of the magnetic circuit of a certain 15-kva. 
transformer is 12 sq.ins. The mean length of the magnetic 
circuit is 36 ins. The maximum flux density is 50,000 
lines per square inch. A fair value for the permeability 
at this density would be 2650. There are 1000 turns on 
the primary. Required the magnetizing current. 

Note. The formula, <t>==0,4TNIfiA/l applies, but it must 
be remembered that / is the maximum value of the current if 4> 
is taken as the maximum value of the flux. 

Substituting for J5, A /I and 7^2 for Im we get 

0.5627^Z 

where N is the mmiber of primary turns, I is expressed in centi- 
meters and B in lines per square centimeter, Im is the virtual 
value of the magnetizing current in amperes. 

5. A certain transformer has a ratio of 10 to 1, and 
the windings are so designed that the current densities in 
the primary and in the secondary are the samfe. (a) What is 
the ratio of primary to secondary resistance, if both wind- 
ings have the same mean length of turn? (6) If the current 
density in the secondary were made 10 per cent greater 
than the primary and if the mean length of a primary 
turn were 10 per cent greater, what would the ratio be? 

6. The magnetic core of a 30-kva. transformer has a net 
cross-sectional area of 20 sq.ins. and an average length 
of 60 ins. The high-tension winding is designed for an 
impressed voltage of 6600 at 60 cycles. The maximum flux 
density in the core is 60,000 lines per square inch. At 
this density the permeability is 2300 and the iron loss 0.35 
watts per cubic inch. How many turns are required on 
the high-tension winding? What is the magnetizing cur- 
rent, the no-load current and the power factor? 
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7. A 10-kva. transformer has a core loss of 102 watts 
and 149 watts total copper loss at full load; the primary 
and secondary copper losses are equal. Determine the 
eflSciency at |, f , |, f , | and J load. 

8. Determine the all-day eflSciency for the transformer 
of problem 7 if it is operated two hours at full load, one hour 
at I load, five hours at i load and sixteen hours at no load. 

9. A 40-kva. transformer has 200 watts hysteresis loss 
and 40 watts eddy current loss. If the magnetic density 
in this transformer is 60,000 lines per square inch what 
would the effect on hysteresis, eddy current and total 
core loss be of increasing the density to 90,000 lines per 
square inch. Of decreasing it to 40,000? 

10. How would the losses in problem 9 be effected if 
there were no change in density, but if the frequency were 
to become 50 cycles per second instead of 60? 

11. A 10 kva., 2200— 220-volt transformer has the fol- 
lowing constants: 

Resistance of primary = 5.45 ohms. 
Resistance of secondary =0.0545 ohm. 
Core loss (at 2200 volts) = 130 watts. 
Magnetizing current =0.10 ampere. 

Required primary current, primary copper losses and 
the efficiency when the secondary current is (a) 50 amperes, 
(6) 40 amperes, (c) 30 amperes, (d) 20 amperes, (e) 10 
amperes. 

12. The load on the secondary of the transformer in 
problem 11 consists of incandescent lamps operating at 
unity power factor, the leakage has a negligible effect on 
the regulation, and it is sufficiently accurate for commercial 
purposes to subtract the primary IR drop from the impressed 
voltage, divide by the ratio of transformation, and then 
subtract from the resultant the secondary IR drop, in 
order to get the secondary voltage. On this basis what 
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would the secondary voltage be when secondary current 
is 45 amperes? The ratio of transformation is 10 to 1. 

13. The effect of magnetic leakage in the transformer- 
of problem 12 is equivalent to an inductive reactance of 
10 ohms placed in series with the primary winding and 
outside of the transformer when the secondary current is 
45 amperes. What will the secondary voltage be with a 
load of 45 amperes at 100 per cent power factor on the 
secondary? 



CHAPTER IX 

ALTERNATING-CURRENT MOTORS 

1. A SYNCHRONOUS motor running on a 2200-volt line 
is so excited that the armature current and impressed 
e.m.f. are in phase. The current in the armature is 30 
amperes. The resistance of the armature is 0.6 ohms, and 
the inductive reactance 2TrfLJa, is 3 ohms. Required the 
c.e.m.f. of the motor. 

Fig. 7 shows the e.m.f. diagram of an alternator and synchron- 
ous motor in which the assumption is made that the coefficient 
of self-induction of the armature has a constant value for all con- 
ditions of load and excitation. The e.m.f., Eg^ generated in the 
armature forms the hypothenuse of a right-angled triangle one 
side of which is equal to the total inductive pressure drop both 
internal and external, while the other side is equal to the sum of 
the external IR drop plus the laRa drop in the armature. E is 
the terminal e.m.f. and ABC is the angle between the terminal 
voltage and the armature current. The angle OBC is the angle 
between the e.m.f. generated in the armatinre and the armature 
current. In the motor diagram Eg is the e.m.f. induced in the 
armature, is the c.e.m.f. of the synchronous motor. E is the 
voltage applied to the motor. In the diagram the current lags 
behind E by the angle OBC. It is at once evident that as Eg 
is increased by increasing the exciting current, the point B 
will swing to the right, if E and OA remain constant. Ey being 
the impressed e.m.f., does not change and OA varies only a small 
amount due to the fact that La varies somewhat as -E^ is changed. 
The error made therefore by assuming La to remain the same 
is very small and the vector diagram is made extremely simple. 
In the problems given in this chapter La is to be assumed as 
remaining constant. It is at once evident from the diagram that 
if Eg is made large enough, the current will lead the impressed 
voltage E by an angle which may be made quite large by con- 
siderably over-exciting the motor. 
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2. (a) Required the c.e.m.f. of the motor in problem 1 
if the current is 30 amperes and leads the impressed e.m.f. 
by 15 degrees. (6) If it lags behind the impressed e.m.f. 
15 degrees. 

3. Required the phase displacement between the cur- 
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Fig. 7. — E.M.F. Vector Diagrams A.C. Generator and Synchronous 

Motor. 

rent and impressed e.m.f. in the motor of problem 1, when 
the armature current is 40 amperes and the c.e.m.f. is 
equal to the impressed e.m.f. 

4. The motor of problem 1 is connected in series with 
a choke coil having 5 ohms inductive reactance and 0.20 
ohm resistance. The e.m.f. impressed on the combina- 
tion is 2300 volts. The current in the armature is 30 amperes 
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and leads the impressed e.m.f. by 30*^. Required the 
e.m.f. at the motor terminals and the c.e.m.f. of the motor. 

5. An 8-pole induction motor is connected to 60-cycle 
per second, 220-volt mains and when fully loaded runs at 
850 r.p.m. What is the slip in r.p.m.? Assuming zero 
slip when the motor is unloaded, what would the r.p.m. be? 

6. In problem 5 what is the frequency of the current in 
the rotor when the speed is 850 r.p.m.? 

7. Two 10-horse-power, three-phase induction motors, 
power factor 80 per cent, eflSciency 85 per cent, are opera- 
ting in parallel with a 25-horse-power, three-phase syn- 
chronous motor excited so as to have a leading power 
factor of 90 per cent, efficiency is 90 per cent. The above 
motors are connected to 220-volt mains. How much 
current does each motor take, and what is the total current? 

8. Five hundred, 40-watt Mazda lamps, unity power 
factor and 20 horse-power in single-phase induction motors, 
average efficiency 80 per cent, average power factor 80 
per cent, and a single-phase, 25-horse-power synchronous 
motor, efficiency 90 per cent, are operating in parallel on 
125-volt mains. Required the power factor of the syn- 
chronous motor in order to make the power factor of the 
system unity. 



CHAPTER X 
POLYPHASE POWER 

1. Two watt-meters are connected into a balanced 
three-phase system to measure the power, (a) If one of the 
meters reads two-thirds of the power what is the power 
factor? (6) If one of the meters reads all the power, what 
is the power factor? (c) If both meters read exactly the 
same, what is the power factor? 

2. Three circuits each having a resistance of 1 ohm 
and a reactance of 0.5 ohm are connected in delta across 
a three-phase, 220-volt circuit. Determine (a) line current, 
(6) current in each circuit, (c) total power supplied. 

3. The three circuits described in problem 2 are con- 
nected in Y across a three-phase, 220-volt circuit. Deter- 
mine (a) line current, (6) current in each circuit, (c) total 
power supplied. 

4. Three circuits each having zero reactance and resist- 
ance of 10, 20 and 30 ohms respectively are connected in 
delta across a three-phase, 440-volt circuit, (a) What is 
the current in each circuit? (6) What is the current in 
each line wire? (c) What is the total power supplied? 

5. The circuits referred to in problem 4 are connected 
in Y across a three-phase, 440-volt circuit, (a) What is the 
current in each circuit? (6) What is the total power 
supplied? 

6. Three unequal lamp loads are connected in delta 
at the end of a three-phase transmission line having a 
resistance of 0.1 ohm and a negligible reactance. If 
the voltage at the generator is 115 and there are fifty 25- 
watt lamps in the first circuit, one hundred 40-watt lamps 

35 



36 MACHINERY PROBLEMS 

in the second circuit and two hundred 40-watt lamps in the 
third circuit, what will be the line voltages at the lamps? 

7. (a) If the three lamp-loads of problem 6 were con- 
nected in Y and the generator voltage were 200, what 
would be the voltage applied to each set of lamps? (6) Why 
is it not practicable to Y connect incandescent lamps to a 
three-phase line? 

8. Two alternating-current generators operating in 
parallel deliver power to a balanced three-phase load. The 
output of each generator is measured by the 2-watt meter 
method. The terminal voltage is 2200. The watt-meter 
readings are as follows: 

Generator No. 1 . TFi = 200 kw. W2 = 250 kw. 
Generator No. 2. Wi = 210 kw. W2 = 240 kw. 

What is the total power supplied?. 



ELECTRICAL MACHINERY 



1 


ill 


Hi 




iasSSsssss,,...,... 










1 


iiii 


iiiii 


mi 


Si 


SE3SS 35SSS 2S2"- 


m 


» t - 

i i 


111=3 


B^U^ 


S??as 


sssss 














■;;;:; 


=-"22 2SSSS 


isiii 


sis 


iiiiisi 


iig 


,« 


SslsiS 3SS2S Sgg— Lo.^ 


ilia iiii 

■ 


Bis 


HE! 






3 5138! 
6 --""- 


KSSSg 




.„ 1 


1 


■--■^■t 


2sas3 


«ass=sil5SSI8 


iiiiiiili 


1 llSii 


isiii 


SSSSS 


- 


§SS8^ SSSSf: 


SSiSSS22S2g 


■< 


- oonoo ===oo 










iiii 




iiii 


|iipillfiM=SS=*=» 


S s 
s 1 « 

1 

1^ 


1 i 


„ 






:;:;_ 








: : : ;° 


■r:; 


!;;« 


iigpisiiilisii 


iiiiiiiii 


i:i:isa= 


5==si 


iiil|lliiiii 


ssssspsss 


.,.„L.„. 


»E»a- 


..„.U.„L.„.. 




ps 











fEB%- \'SNS> 



THE WILEY TECHNICAL SERIES 

VOB 

VOCATIONAL AND INDUSTRIAL SCHOOLS 

■DITBD BT 

JOSEPH M. JAMESON 

■BABO OOLLWM 



THE WILEY TECHNICAL SERIES 

VOB 

VOCATIONAL AND INDUSTBIAL SCHOOLS 

■DITBD BT 

JOSEPH M. JAMESON 

•OUBD 0OLLB<M 



THE WILEY TECHNICAL SERIES 
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A series of carefully adapted texts for use in technical, 
vocational and industrial schools. The subjects treated 
will include Applied Science; Household and Agricultural 
Chemistry; Electricity; Electrical Power and Machinery; 
Applied Mechanics; Drafting and Design; Steam; Gas 
Engines; Shop Practice; Applied Mathematics; Agriculture; 
Household Science, etc. 

The following texts are announced; others are being 
added rapidly: 

ELECTRICITY 

THE ELEMENTS OF ELECTBICITT; For Technical Students. 
By W. H. TiMBiE, Head of Department of Applied Science, 
Wentworth Institute. xi-|-556 pages, 5J^ by 8. 415 figures. 
Cloth, $2.00 net. 

THE ESSENTIALS OF ELECTBICITT; A Text-book for Wire- 
men and the Electrical Trades. By W. H. Timbie, Wentworth 
Institute. Flexible covers, pocket size. xiiiH-271 pages, 5by7J^. 
224 figures. Cloth, $1.25 net. 

CONTINUOUS AND ALTERNATING CURRENT MACHIN- 
ERY. By Professor J. H. Morecroft, Columbia University. 
ix+466 pages, 5}4 by 7H- 288 figures. Cloth, $1.75 net. 

CONTINUOUS AND ALTERNATING CURRENT MACHIN- 
ERY PROBLEMS. By W. T. Ryan, E.^E., Assistant Professor 
of Electrical Engineering, the University of Minnesota. 40 pages, 
^H by 7%. Cloth, 50 cents net, 
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ALT£&NATtKCI OtTftftSirr fiLfiOTB.IOITr AiTO ITS APPLl- 
OATIOlf TO INDUSTRY. First Course. By W. H. Timbie, 
Head of Department of Applied Science, Wentworth Institute, 
and H. H. Higbie, Professor of Electrical Engineering, University 
of Michigan, x+534 pages, 5M by 8. 389 figures. Cloth, $2.00 
net. Second Course, Fall, 1915. 

ELEOTBIC LIGHTING. By H. H. Higbie, Professor of Electrical 
Engineering, University of Michigan. {In preparation.) 

INTRODUCTION TO INDUSTRIAL ELECTRICITY. By W. H. 

Timbie, Head of Department of Applied Science, Wentworth 
Institute. {In preparation.) 

WIRING EXERCISES. By H. A. Calderwood, Carnegie Institute 
of Technology. {In preparation.) 

HEAT AND HEAT ENGINEERING 

HEAT; A Text-book for Technical and Industrial Students. By 
J. A. Randall, Instructor in Mechanics and Heat, Pratt Institute, 
xiv -1-331 pages, 5}4 by 8. 80 figures. Cloth, $1.50 net. 

GAS POWER. By C. F. Hirshfeld, Professor of Power Engineering, 
Sibley College, Cornell University, and T. C. Ulbricht, formerly 
Instructor, Department of Power Engineering, Cornell University, 
viii -1-198 pages, 5}4 by 8. 60 figures. Cloth, $1.25 net. 

STEAM POWER. By C. F. Hirshfeld, Professor of Power Engi- 
neering, Sibley College, Cornell University, and T. C. Ulbricht, 
formerly Instructor, Department of Power Engineering, Cornell 
University. {Ready in Fall, 1916.) 

HEAT AND LIGHT IN THE HOUSEHOLD. By W. G. Whitman. 
State Normal School, Salem, Mass. {In prejHiration.) 

MECHANICS 

ELEMENTARY PRACTICAL MECHANICS. By J. M. Jameson, 
Girard College, formerly Pratt Institute. xii-|-321 pages, 5 by 7}^. 
212 figures. Cloth, $1.50 net. 

MECHANICS FOR MACHINISTS. By R. W. Burnham, Erasmus 
Hall High School, Brooklyn, Instructor in Evening Machine Work, 
Pratt Institute. {In preparation.) 



MATHEMATICS 

PBAGTICAL MATHEMATICS. By C. R. Dooley, Westinghouse 
Electric and Manufacturing^Compan", Pittsburgh. (In prepara- 
tion.) 

A SHOP MATHEMATICS FOB MACHINISTS. By R. W. 
BuRNHAM, Instructor in Machine Work, Pratt Institute Evening 
School. 5 by 7. 175 figures. Cloth, 

PRACTICAL SHOP MECHANICS AND MATHEMATICS. 

By James F. Johnson, Superintendent of the State Trade School, 
Bridgeport, Conn, viii+130 pages, 5 by 7. 81 figures. Cloth, 
$1.00 net. 

ARITHMETIC FOB CARPENTERS AND BUILDERS. By 

R. BuRDETTE Dale, Assistant Professor in charge of Vocational 
Courses in Engineering and Correspondence Instruction, Iowa State 
College. ixH-231 pages, 5 by 7. 109 figures. Cloth, $1.25 net, 

AGRICULTURE 

POULTRY. By Professor J. C. Graham, Massachusetts Agricultural 
College. (In preparation.) 

SOILS. By Professor A. G. McCall, Ohio State University. (In 
preparation.) 

AGRICULTUBAL CHEMISTBY. By Professor T. E. Keitt, 
Clemson Agricultural College. (Ready September, 19 IS.) 

INJUBIOUS INSECTS. By Dean E. D. Sanderson and Professor 
L. M. Peairs, West Virginia. University. (Ready September j 19 IS.) 

AGBICULTUBAL DBAFTING. By Charles B. Howe, M.E. 
46 pages, 8 by 10^. 45 figures, 22 plates. Cloth, $1.25 net, 

STUDIES OF TBEES. By J. J. Levison, Forester, Park Depart- 
ment, Brooklyn, N. Y. x+253 pages, 5}4 by 8. 156 half-tone 
illustrations. Cloth, $1.60 net. 

MABKET GABDENING. By Professor F. L. Yeaw, Oasis Farm 
& Orchard Company, Roswell, New Mexico. Formerly Professor 
of Market Gardening, Massachusetts Agricultural College. vi+ 
120 pages, 5 by 7. 36 figures. Cloth, 75 cents net. 



FIELD AND LABORATORY MANUALS IN 

AGRICULTURE 

Studies of Trees: Their Diseases and Care. By J. J. Levison, 
M.F., Lecturer on Ornamental and Shade Trees, Yale University 
Forest School, Forester to the Department of Parks, Brooklyn, 
N. Y. 20 pamphlets, 8 by lOJ/^. $1.00 net. Sold separately if 
desired. Price each 5, 10, or 15 cents according to size. 

Exercises in Farm Dairying^. By Professor C. Larsen, De- 
partment of Dairy Husbandry, South Dakota State College. 
Loose leaf. 8 by lOJ/^. 69 Exercises. Single Exercises two cents 
each . Complete, $1 .00 net . 

Exercises in Poultry Baisingr. By Professor J. C. Graham, 
Massachusetts Agricultural College, {hi preparation.) 

Farm Crops and Soils. By Professor A. G. McCall, Depart- 
ment of Agronomy, Ohio State University. {Ready September, 
1915.) 

Exercises in Agrricultural Chemistry. By Professor T. E. Keitt, 
Clemson Agricultural College. {In preparation,) 

THE LOOSE LEAF LABORATORY MANUAL 

A series of carefully selected exercises to accompany the texts 
of the Series, covering every subject in which laboratory or field 
work may be given. Each exercise is complete in itself, and is 
printed separately. These will be sold by the single sheet as 
selected or where preferred will be bound in paper cover. 

Exercises in General Chemistry. By Charles M. Allen, 
Head of Department of Chemistry, Pratt Institute. An 
introductory course in Applied Chemistry, covering a year's 
laboratory work on the acid-forming and metallic elements and 
compounds. 62 pages, 8 by 103^. 61 exercises. 

Selected exercises as desired, to fit an ordinary binder, two cents 
each. Complete in paper cover, $1.00 net. 

Exercises lor the Applied Mechanics Laboratory. By J. P. 

KoTTCAMP, M.E., Instructor in Steam and Strength of Materials, 
Pratt Institute. Steam; Strength of Materials; Gas Engines; 
and Hydraulics. 8 by lOJ^. 55 exercises, with numerous cuts 
and tables. 

Selected exercises as desired, to fit an ordinary binder, two cents 
each. Complete in paper cover, $1 net. 

Quantitative Chemical Analysis. By Charles M. Allen, Head 
of Department of Chemistry, Pratt Institute. 12 pamphlets. 
8 by 103^. Complete in paper cover, $1.00 net. Single pam- 
phlets furnished if desired. Price according to size. 



